The influence of dietary supplementation with quebracho tannins (QT) or/and sunflower oil (SF) on growth performance and fatty acid profile in meat of Awassi lambs was studied. Seventy-two lambs were assigned randomly to nine diets (8 per group) in the experiment following a 3 2 factorial design with all possible combinations of two factors, SF and QT each at three levels i.e. 0 (control), 20 or 40 g/kg diet DM. A significant SF × QT interaction was observed on the conjugated linoleic acid content of intramuscular fat (P = 0.007), but not on average daily weight gain (P = 0.11). Addition of QT at 40 g/ kg DM significantly increased average daily gain comparing to control diet. The inclusion of QT in the diet increased the content of the conjugated linoleic acid in the lamb meat above that achieved with SF supplementation only. Addition of the combination of QT and SF to the diet enhanced the content of conjugated linoleic acid (C18:2 c9t11) of the lamb meat. This could be due to the reduction in the bio-hydrogenation of unsaturated fatty acids in the diet. The results suggest that inclusion the combination of QT and SF in lamb diets improved the healthy fatty acids content in the meat without an adverse effect on animal performance.
concentrates rich in linoleic acid or feeding pasture-based diets (Vargas-Bello-Pérez and Larraín, 2017) . These strategies are based on increasing ruminal synthesis of vaccenic acid, thereby increasing uptake of the respective fatty acid in duodenum resulting in greater endogenous synthesis of rumenic acid in the mammary gland (Vasta et al., 2009b) . Cruz-Hernandez et al. (2007) reported that the diet supplementation with sunflower oil (SF, i.e. 15, 30 and 45 g/kg DM) , in the presence of 5 g/kg of fish oil, linearly increased total C18:1 t11 and total CLA. Al-Dobaib and Kamel (2012) reported a five-fold increase in CLA content of milk fat when camels were fed diets supplemented with 20 g SF/kg feed, compared with control diet. Similarly, Díaz et al. (2005) showed that the fatty acid profile of diet affects the fatty acid profile of lamb meat to a greater extent than other factors like age, sex, or breed (Díaz et al., 2005) .
At an appropriate level of tannins, the N release from the dietary protein degradation may be reduced in the rumen, thereby, increasing the absorption of amino acids in the small intestine. Consequently, tannins have been suggested to be suitable feed additives towards improving the digestive utilization of dietary protein (Hernandez et al., 2014; Salem et al., 2014) . Nevertheless, tannins may also cause negative effects like reduction of ruminal degradation of organic matter (OM) or decreasing fiber and dry matter (DM) digestion when supplied at 30 rather than at 10 and 20 g tannins/kg DM (Al-Dobaib, 2009; Ammar et al., 2011; Salem et al., 2013) . In general, condensed tannins can reduce the activity of ruminal microorganisms (Priolo et al., 2000; Cieslak et al., 2014) . It has been shown that dietary tannins lowered ruminal biohydrogenation in vitro and increased muscle Δ 9 -desaturase protein expression (Vasta et al., 2009a,b) in sheep.
The objective of this work is to study the effects of dietary supplementation with quebracho tannins (QT) or/and sunflower oil (SF) on the growth performance and fatty acid profile in the meat of Awassi lambs. The potential synergistic effects of QT and SF are also examined.
Materials and methods

Experimental location and diets
This work was conducted at the Agricultural Research Station, Qassim University, Saudi Arabia. Diets were formulated and pelleted at the Arabian Agricultural Services Company (ARASCO)-Riyadh, Saudi Arabia. In a complete randomized design with a 3 2 factorial arrangement of the treatments, three levels (0, 20 and 40 g/ kg of diet DM) of either SF or QT were evaluated. The amount of tannin supplementation used was in accordance with the report of Carulla et al., 2005 who observed that less than 50 g/kg DM can positively influence animal performance and feed digestion, whereas more than 50 g tannins/kg DM may be reduce the animal growth and health. The SF was acquired from the local supermarket in Riyadh. A commercial tannin source (Unitan ATO, Saica, Argentina) from quebracho plant (Schinopsis spp.) was employed as a source of condensed tannins (contained 75% (w/w) condensed tannins). The treatments comprised all possible combinations of the three levels (0, 20 or 40 g/kg DM of the diet) of QT or/and SF, including the control with neither QT nor SF. Diets were formulated to be isoenergetic and isonitrogenous (Table 1) .
Sample preparation
The samples of the nine diets were ground to pass a 1-mm screen (standard model 4, Arthur H. Thomas Co., Philadelphia, PA) and kept for later analyses. Analytical DM content of the samples was obtained by drying in the oven at 135°C for 3 h; organic matter (OM) was obtained by ashing, and Kjeldahl N content was determined using Foss-Kjeltec 8200 (Hoganas, Sweden; AOAC, 1995) . The neutral detergent fibre (aNDFom) and acid detergent fibre (ADFom) concentrations were sequentially determined using Foss-Fibertec 2010 Analyzer (Foss, Sweden) according to the methodology described by Van Soest et al. (1991) using sodium sulfite and pretreatment with heat-stable amylase (Type XI-A from Bacillus subtilis; Sigma-Aldrich Corporation, St. Louis, MO).
Growth trial and fatty acids profile of meat
Seventy-two male Awassi (Noami, Saudi local name) lambs (90 days old) with a body weight of 21.5 ± 0.09 kg (mean ± SD) were divided into 9 groups (8 animals per treatment) and raised with their dams. Each dam and its offspring were housed in an individual pen. Animals in each group were fed one of the 9 experimental diets. After weaning at about 90 d of age, dams were removed and lambs remained in the same pens and fed the same assigned experimental diets for a further 70-d growth trial. The weight of lambs were recorded at the start of the growth trial and then at weekly (7-d) intervals. Feed and water were withdrawn 15 h before weighing. All animals were fed ad libitum and had free access to drinking water and minerals blocks. During the growth trial, feed given and refusals were recorded daily. Samples of each diet were taken once weekly to determine the DM content. The feed conversion ratio and average daily gains were calculated.
The lambs were slaughtered at the end of the 70-d growth trial and the carcasses were split lengthwise. The right longissimus dorsi (LD, between 10th and 13th ribs) was removed within 20 min after slaughtering and stored at −80°C until analysis. Intramuscular fatty acids of LD muscle were extracted as described by Folch et al. (1957) . Briefly, a 3-g sample of LD muscle was homogenized in chloroform-methanol (2:1 v/v), kept at room temperature and sonicated for 5 min every 2 h for 6 h. The residue was filtrated from the homogenized solution and dried at room temperature (∼20°C). The fatty acids in the meat were transmethylated using sodium methoxide and then the fatty acids were converted to their corresponding methyl esters by adding 2 ml of 0.5 M sodium methoxide (10 min at 50°C) and 3 ml of 5% methanolic HCl (v/v; 10 min at 80°C) as suggested by Kramer et al. (1997) . Fatty acid methyl esters in hexane were injected into a Shimadzu 2010A gas chromatograph equipped with a FID detector, and a fused silica capillary column of 0.2 μm phase film, 100 m × 0.25 mm i.d. (SP 2560; Supelco, Inc., Bellefonte, PA) for fatty acids separation. Samples containing fatty acids methyl esters in hexane (1 μl) were injected through the split injection port at the ratio of 50:1 with a linear He flow of 25 cm/s. The oven temperature was maintained at 60°C for 5 min, then increased to 170°C at the rate of 3°C/min. It was held for 10 min at 170°C, and later increased to 230°C at 5°C/min and then held for 20 min. The temperature of the detector and injector was 250°C and total run time was 83.5 min. Fatty acids of intramuscular fat were identified by comparing their retention times with those of a fatty acids methyl esters standard mixture (Cat.# O5632, Sigma-Germany & Cat.# 47885-U, Supelco, Bellefonte, PA-USA). The individual concentration was determined by taking the area of the specific fatty acids as a percentage of total fatty acids and were expressed as g/100 g of fatty acids methyl esters.
Statistical analysis
Performance and fatty acid profile data were analysed by using the mixed procedure of SAS (SAS Institute, 2001 ). The statistical model included the fixed influence of SF level in the diet (0, 20 or 40 g/kg of DM), QT level (0, 20 or 40 g/kg of DM) and the interaction between SF level in the diet and QT. The animal was the random term. The initial body weight at day 0 of growth trial was used as a covariate term to test the effects on final weight. Linear and quadratic trends in the response to the level of inclusion of sunflower oil or of the addition of quebracho tannins were evaluated by using orthogonal polynomial contrasts. Least square means were separated by Duncan's multiple range tests.
Results and discussion
Growth performance and meat fatty acids profile
Neither SF nor the interaction of SF × QT had significant effects on total feed intake, total weight gain, average daily gain and feed conversion of fattening lambs ( Table 2) . Supplementation of QT at 20 g/kg increased (P < 0.05) average daily gain compared to control, however, diets with 40 g QT/kg had an intermediate value between control diet and 20 g QT/kg diet ( Table 2 ). The formation of hydrogen bonds between the carboxyl group of peptides and the polymer phenolic sub-units leads to tannin-protein complexes that could prevent the protein from being degraded in the rumen rather than abomasal digestion since their stabilities Containing (g/100 g total fatty acids methyl esters): C16:0 (5.5), C18:0 (4.6), cis-9 C18:1 (34.5) and cis-9, cis-12 C18:2 (52.1). c GE = growth energy.
H.E.M. Kamel et al. Animal Feed Science and Technology 235 (2018) 97-104 depend on the level of pH (Barry and Manley, 1984) . Butter et al. (1999) proposed that the high fecal-N output could be because of one or more of the following factors: (i) secretion of endogenous proteins; (ii) impaired intestinal function, (iii) reduction in ruminal and intestinal digestive enzymes activity because of tannins; and (iv) increased digesta protein bound to tannin. Komolong et al. (2001) reported that non ammonia-nitrogen reaching the small intestine can be reduced to some extent due to the increase in dietary condensed tannins. Therefore, the improvement of ADG due to QT is attributable to reduction in ruminal degradation of N, which led to an increase in the flow N to the post-ruminal tract for growth. Significant differences between levels of supplements were detected for several meat fatty acids (Table 3 ). The main fatty acids of intramuscular fat in the present study were oleic (C18:1 c9), palmitic (C16:0) and stearic (C18:0) acids, which contributed to about 80% of total fatty acids in LD muscle. Effect of increasing level of SF supplementation was positive (P = 0.009) on the concentration of C16:0, however, QT supplementation had no significant effect. The proportion of C18:0 was lowered in a dose-response manner (P = 0.001) to the level of either SF or QT added to the diets. The percentage of C18:0 was lower (P < 0.003) because of either SF or QT additions (with a significant SF × QT interaction), and the control diet has the highest (P < 0.05) concentration compared with the other diets. Oleic acid concentration was higher (P = 0.001) in LD fat as a result of SF supplementation at 20 and 40 g/kg of SF compared with the control diet, and no effect was detected for the QT level and the interaction effect of SF × QT. The CLA C18:2 c9t11 content tended to decrease (P = 0.084) due to SF supplementation. However, C18:2 c9t11content was higher (P < 0.007) because of either QT level or SF × QT effects. Total CLA (i.e. sum of C18:2 c9t11 and C18:2 t10c12) content varied in response to SF supplementation, which was higher (P < 0.05) in diet with 40 g/kg of SF compared to 20 g/kg SF diet, and no difference was detected between control and SF added diets. The total CLA increases (P < 0.05) as the QT level in the diet increases. Total CLA for the 40 g/kg QT was higher (P < 0.05) compared to control diet and no differences were reported between 20 g/kg QT and either control or QT at 40 g/kg of the diet. Moreover, the SF × QT interaction (P < 0.05) was found for total CLA content ( Table 3) .
The ratio of UFA/SFA of intramuscular fat in LD muscle was higher (P < 0.004) due to addition of either SF or QT to the diet; however, there was no significant SF × QT interaction. The sum of mono-unsaturated fatty acids (MUFA) was higher (P = 0.03) with SF at 40 g/kg compared with control diet. There were no SF × QT interactions. The MCFA (sum of medium chain fatty acids, Means in the same column within main effect with no superscript letters after them or with a common superscript letter following them are not significantly different (P < 0.05).
a Regression on initial body weight. Table 3 Fatty acids profiles (g/100 g total fatty acids methyl esters, FAME) in longissimus dorsi (LD) muscle as influenced by different levels (g/kg DM of the diet) of quebracho tannin (QT) and/or sunflower oil (SF) supplementation of lamb diets (Number of animals used 8 per diet). Fatty acids composition (g/100 g Fatty acids methyl ester) Diets C 8:0 C 10:0 C 12:0 C 14:0 C 14:1 C 15:0 C 16:0 C 16:1 C 17:0 C 17:1 C 18:0 C 18:1 cis-9 C 18:1 trans-9 C 18:2 n-6 cis C 18:2 n-6 trans C 18:3 n-6 CLA cis-9 trans-11 Total CLA Total CLA = sum of CLA cis-9, trans-11 + CLA trans-10, cis-12.
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a-e
Means with different letters within the same column differ (P < 0.05).
x,y
Means in the same column within main effect with no superscript letters after them or with a common superscript letter following them are not significantly different (P < 0.05).
H.E.M. Kamel et al. Animal Feed Science and Technology 235 (2018) 97-104 C12 + C14 + C16) increased (P = 0.049) with SF addition to the diet, however, QT addition had no effect (P = 0.669)( Table 4) . The lipids in meat comprise both phospholipids of the membranes of the cells and organelles, and triacylglycerols (TAG) as reserves lipids stored in adipocytes or in the cytoplasm of muscular cells. Jerόnimo et al. (2010) found the phospholipids are very rich on PUFA, however, TAG are rich in SFA and MUFA. The content of phospholipids is constant but that of the TAG is variable with the dietary level of energy. In other words, total FA content for the intramuscular fat should be considered; because lean meats often have more PUFA than fatter meat irrespective of the diet. When diet results in more meat PUFA, the reason could be a change in the rumen biohydrogenation, and it could also be due to the effect of energy density of the diets and performance of the animals (Rui Bessa, personal communication). In the current study, the tested diets were formulated to be isoenergetic. The diet effect on fat content of LD was not significant (P > 0.05) (i.e. SF × QT effect), therefore, the change in the PUFA concentration in the current work could be attributed to an effect on rumen bio-hydrogentaion of unsaturated FA.
Reduction of stearic acid content in the experimental diets due to SF supplementation were 10.9 and 8.14 and 6.83 g/100 g of total FA methyl esters for control, 20 and 40 g SF per kg of the diet, respectively, which is assumed to be a dilution effect of oil supplementation. Therefore, the reduction of C18:0 in the LD could reflect the proportion of C18:0 in the diets. In association with that, the incomplete biohydrogenation of fatty acids (C18:1 trans9, C18:2 n-6cis, C18:2 n-trans6, CLA cis9 trans11 and total CLA) led to the increased proportion of these acids and decreased proportion of C18:0 in the fatty acids of LD. In contrast, diets supplemented with SF at the level of 55 and 110 g/kg DM had no effect on the stearic acid content of intramuscular lipids of LD from animals with initial body weight of 426 kg (Noci et al., 2005) . Peng et al. (2010) reported that adding different oilseeds to the diets did not change the stearic acid content of LD from ewes with initial body weight of approximate 40 kg.
In a recent in vitro investigation (Vasta et al., 2009a) stated that addition of tannins lowered ruminal biohydrogenation by inhibiting the proliferation of ruminal microorganisms rather than by a direct interaction of tannins with the enzymes operating in Table 4 Categories of fatty acids of intramuscular fat in longissimus dorsi muscle (g/100 g total fatty acid methyl esters) as influenced by different levels (g/kg DM of the diet) of quebracho tannin (QT) and/or sunflower oil (SF) supplementation of lamb diets (Number of animals used 8 per diet Means with different letters within a column differ (P < 0.05).
A ∑SFA = Sum of the saturated fatty acids (C8, C10, C12, C14, C15, C16, C17, C18). B ∑USFA = Sum of the unsaturated fatty acids (C14:1, C16:1, C17:1, C18:1 cis-9, C18:1 trans-9, C 18:2 n-6 cis, C 18:2n-6 trans, C 18:3 n-6, Total CLA). C ∑MUSFA = Sum of mono-unsaturated fatty acids (C14:1, C16:1, C17:1, C18:1 cis-9, C18:1 trans-9). D ∑PUSFA = poly-unsaturated fatty acids (C 18:2 n-6 cis, C 18:2n-6 trans, C 18:3 n-6, Total CLA). E MCFA = medium chain fatty acids = sum (C:12 + C:14 + C:16).
H.E.M. Kamel et al. Animal Feed Science and Technology 235 (2018) 97-104 the biohydrogenation pathway. Sackmann et al. (2003) reported that the biohydrogenation occurs largely with increasing aNDFom level in the diet. Moreover, Kepler and Tove (1967) concluded that the microorganisms responsible for the biohydrogenation are cellulolytic like Butyrivibrio fibrisolvens that proliferates largely in animals fed forage diet. Biohydrogenation in the rumen involves of two steps; the first step is converting the rumenic acid to vaccenic acid and the second step for a final biohydrogenation step forming stearic acid from vaccenic acid (Harfoot and Hazlewood, 1997) . Vasta et al. (2009a) reported that tannins influenced the in vitro conversion of vaccenic acid to stearic acid to a greater extent than the previous step of the biohydrogenation. The reduction of stearic acid content in meat due to QT supplementation could be a result of the inhibition of microorganisms involved in the biohydrogenation of vaccenic acid, which is supported by the negative effect of QT on the digestion of aNDFom. This result is in agreement with Vasta et al. (2009a) who reported that the ratio for stearic acid/vaccenic acid was less for lambs fed a concentrate diet with tannin compared to lambs fed a tannin-free concentrate diet. Vasta et al. (2009b) observed a reduction in the concentration of the isobranched chain fatty acids in the rumen due to tannins addition. Iso-branched chain fatty acids are formed in the rumen by cellulolytic bacteria (Vlaeminck et al., 2006 ). In the current study, the QT-fed diets might have lowered the activities of cellulolytic microorganisms, which led to less stearic acid content in meat in line with the reduction of fiber digestibility. Moreover, the stearic acid content of LD muscle was not altered when the QT increased from 20 to 40 g/kg of DM. This is in concordance to results of aNDFom digestion, which showed no significant reduction, observed when QT increased from 20 to 40 g/kg of DM. The inclusion of QT in the diet increased CLA C18:2 c9t11 in meat above that achieved with SF (P = 0.007). This result supports the hypothesis of Priolo et al. (2005) proposing an interaction between dietary condensed tannins and ruminal biohydrogenation. In a recent study by Francisco et al. (2015) , the inclusion of increasing levels of condensed tannins (2.7, 7.0 and 15.0 g/kg DM) extracted from Cistus ladanifer on diets containing different levels of vegetable oil (0, 40 and 80 g/kg DM) had no effect on CLA content of intramuscular fat. However, the levels of condensed tannins addition to the diet in the study of Francisco et al. (2015) were lower compared to those used in the current study (up to 40 g/kg of DM). Furthermore, the low level of QT supplementation (i.e., 20 g/kg DM) did not influence the CLA content of meat. This finding illustrates that level of condensed tannins should be taken into consideration when condensed tannins are added to the diet supplemented with vegetable oil to enhance CLA C18:2 c9t11 in meat.
Conclusion
The inclusion of QT in the diet increased CLA C18:2 c9t11 content in meat above that achieved with SF supplementation. Diet supplemented with 20 SF and 40 QT (g/kg diet) increased the content of conjugated linoleic acid (C18:2 c9t11) in the intramuscular fat of lambs. Furthermore, the interaction of QT and SF synergistically combines the effects of SF (which engender a large amount of unsaturated fatty acids) with that of QT (which reduce the efficiency of ruminal microroganims and bio-hydrogenation of saturated fatty acids in the diet, thereby increasing the proportion of partially unsaturated fatty acids.
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